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1. Int roduct ion ,  
The use  of  acous t i c  methods f o r  abundance es t ima t ion  have been in- 
troduced by s e v e r a l  au thors ,  Most o f t e n  r e l a t i v e  abundance have been 
found, b u t  t h e  method h a s  a l s o  been used f o r  abso lu te  e s t ima t ion  of  
abundance, Attempts on t h a t  w e r e  made by Midttun and Sætersdal  (1957) 
and by Richardsen e t  a l .  (1959) on cod, More r e c e n t l y  Truskanov and 
Sherbino (1964) have used an acous t i c  method f o r  e s t ima t ing  t h e  abun- 
dance of At lanto  Scandian h e r r i n g ,  and Cushing (1968) h a s  used echo- 
sounding technique f o r  e s t ima t ing  t h e  abundance of  hake o f f  South 
Afr ica ,  H i s  method i s  a l s o  descr ibed  i n  Cushing (1964)and (1966). 
Dragesund and Olsen (1965) have introduced an echo i n t e g r a t o r  f o r  
es t imat ing  echo-abundance, b u t  t h e  r e l a t i o n  between echo-abundance 
and fish-abundance h a s  n o t  y e t  been f u l l y  e s t ab l i shed ,  
The p r e s e n t  paper shows how t h e  i n t e g r a t o r  can be used f o r  t h e  
counting of  s i n g l e  f i s h  ta rge ts -wi t -h in  a depth range, When t h e  mean 
sampling a r e a  wi th in  t h i s  depth range i s  known, t h e  number o f  f i s h  
p e r  u n i t  su r face  can be found, 
2. Equipment and Ca l ib ra t ion ,  
The i n t e g r a t o r  a s  descr ibed  by Dragesund and Olsen (1965) h a s  two 
channels,  A and B, During t h e  observat ions  t r e a t e d  i n  t h i s  papet  
channel A wbs reset t o  zero  between each transmission (Midttun 1966),  
while  channi-l B w a s  r e s e t  a f t e r  one n a u t i c a l  m i l e  o r  after  f u l l  s c a l e  
value. The i n t e g r a t o r  worked i n  conjunct ion with t h e  30 kHz Simrad 
Research Sotndek, bperatincf t h e  broad beam t ransduse r  (24 cm by 10 cm), 
The sounder w a s  c a l i b r a t e d  and had a source l eve1  of  119,6 db, a 
s e n s i t i v i t y  of -55,O db and a p u l s  length  of  1 , 2  mi l l i second,  The 
equipment inc ludes  a e a l i b r a t e d  CRT d i s p l a y  and as t h e  r e c e i v e r  a l s o  
was set on TVG ( t i m e  v a r i e d  ga in)  compensating two way geometric 
spreading, s i g n a l  s t r e n g t h  observed a t  angle  8, T' = T + 20 log  be , 
t 
could be read d i r e c t l y  from t h e  CRT (Midttun 1966). (Tt  i s  below r e f e r e d  
as s i g n a l  s t r eng th ,  T i s  t h e  t a r g e t  s t r e n g t h ) .  
T' ==-39,6 + U (db) 
The r e l a t i o n  between t h e  i n t e g r a t o r  va lue  o f  channel A and t h e  
s i g n a l  s t r e n g t h  i s  
log  I = K(T1 - T t O )  (1) 
where I i s  t h e  i n t e g r a t o r  value,  T 1  i s  s i g n a l  s t r e n g t h  and Tg0  i s  
t h e  s i g n a l  s t r e n g t h  corresponding t o  an i n t e g r a t o r  va lue  of  I = 1 (cm), 
Simultaneous readings of s i ng l e  f iSh t a r g e t s  on t h e  CRT and on 
channel A gave: 
K = 0,06 log cm/db and T: = - 29,6 db 
The r e l a t i o n  between the two in t eg ra to r  channels was 
where M i s  t h e  value i n  cm of channel B. 
Af te r  a c e r t a i n  minimum number of s i n g l e  f i s h e s  a r e  recokded, a 
l i n e a r  r e l a t i o n  between t h e  number of f i s h ,  N, and t h e  i n t eg ra to r  
value, M, can be  es tab l i shed  (Dragesund and Olsen 1965) : 
The constant  C i s  t h e  mean con t r ibu t ion  of one s i n g l e  f i s h  t o  M, 
nis cont r ibu t ion  can be expressed by: 
where K i s  the mean number of echo, T i s  t h e  mean vol tage  and re 
- 
i s  t h e  echo pu l s  length ,  a l l  from one f i s h ,  I i s  t h e  mean con t r ibu t ion  
on the channel A of a s i ng l e  f i s h  i n  one transmission. 
\, The echo pu l s  length c,  can be regarded as a constant  a s  long a s  
t he  dimension of t h e  pu l s  i n  water,  C lil^  (c being t h e  sound ve loc i ty )  , 
i s  l a r g e  compared t o  the f i s h  s i ze .  
Combination of equation (3)  and (4) g ives  
l 
1 
l This i s  a very  convenient equation i £  channel A can be  used f o r  
1 recording t r a c e s  of s i n g l e  f i s h  (Midttue 1966). 
1 ,  
I f  h ~ w e v e r  t h e  CPT yeadings o f  T' a r e  used, I must be faund from 
I 
equation ( L ) ,  simply by using a c a l i b r a t i o n  curve, 
4,  T r i a l  r e s u l t s ,  
The method was t r i e d  with ltG.O.Sars" i n  Lofoten l a s t  February on 
l a rge  cod mainly ranging from 70 t o  100 c m ,  The i n t e g r a t o r  was opera- 
t ed  on a l aye r  between 50 m and 130 m, The sounder worked on t h e  range 
O - 250 m (Fig, 1)  , The CRT w e r e  recorded on f i lm and t h e  d i s t r i b u t i o n  
of $dgna% s t reng th  T: i n t ~ g r a t o r  A values, I number of echo per fish, 
n, and depth of f i s h  i s  given i n  Table 1, where a l s 0  t h e  mean values  
a r e  indica ted ,  
Table 1, 
Observed d i s t r i b u t i o n  of n, T%nd d together  with computed values  of 
I f o r  f i s h  recorded during the Lofoten t r i a l  February 1968, 
n % T' db "/o d m % 
--u 
I en? 
- - J -e.- -..------ 
l 2 1  - 39,6 0,26 8 95 4 
- 
n = 5,4 echoes p e r  f i s h  
- 
I = 0,626cm 
d = 109 m 
The t o t a l  number of f i s h ,  N, recorded by the i n t e g r a t o r  during t h e  
t r i a l  run along a d i s tance  of 1 , 2  n, m i l e s  can now be found by reading 
t h e  value M of channel B over t h a t  d i s t anee  (Fig. 2 )  , v i z ,  : M = 6,8 c m  
618 
N = - 5,4 , 0,027 , 0,626 75 f i s h  
The r e s u l t  i s  c e r t a i n l y  i n  exce l l en t  accordance with t h e  number of 
f i s h  v i s i b l e  on t h e  recording paper of Fig. 1 between log  values 
186, l  and 187,3, 
5, The sampling area .  
The sampling a r ea  i s  regarded a s  t h e  d i s t ance  s a i l e d  t i m e s  t h e  
sampling c ro s s  sec t ion  of t h e  echo sounder re fe red  t o  a c e r t a i n  depth, 
This depth could be t h e  mean depth of t he  in tegra ted  l aye r  provided 
t h e  l aye r  th ickness  i s  small  enough. I n  our  case  we s h a l l  use t h e  
mean depth of t h e  fish recorded during t h e  t r i a l  run (Tab, l), 
viz.: 109 m. The sampling c ro s s  sec t ion  a t  109 m i s  
Q = 2 d t g 8  = 2 1 8 t g 8  (6) 
where 8 i s  t h e  maximum angle a t  which a t a r g e t  i s  recorded. 
O can be found from the following equation 
S = T + S + 20 log be - 96 
where MRS i s  the minimum recordable signal ,  T i s  ta rge t  strength, 
S i s  source level ,  be i s  the coeff ic ient  of d i r e c t i v i t y  and - 96 db 
i s  the time varying gain compensation fo r  two way transmission loss  
down t o  250 m. 
The minimum recordable signed MRS was during our t r i a l  run set t o  
a sound leve1 corresponding t o  a CRT reading of zero (db). The MRS can 
be found from 
MRS = RS - Fe - Fs + U 
where RS i s  the receiving sens i t iv i ty  o r  the  sound leve1 required t o  
l 
1 give an oscilloscope reading of zero a t  rnaximum amplification of echo 
sounder and scope, Fe and Fs a r e  ampflication se t t ings  of sounder 
.- 
and scope, and U i s  the CRT reading. During the operation here described, 
RS was by cal ibrat ion found t o  be : - 55,O db, The se t t ings  were: 
Fe 
- - 9 db and Fs - - 30 db 
giving MRS = - 5 5 + 9 + 3 0 + 0  = - 16 db 
The t a rge t  strength T could be found from Tab. 1 o$ T' i f  it could 
be belived that ,  say 10 % of the stronger echoes have been recorded 
close t o  the  acoustic axis  where b = 1 and therefore 
T i  = T + 20 log b = T 
This gives an approxirnate value of d 26 db as a mean ta rge t  strength 
- ,- 
of the recor'ded f ish.  
1 -, 
l 
The source leve1 S was found by ca l ibra t ion  t o  be : 119,6 db, 
The drop i n  sound leve1 both during transmitting and receiving caused 
by the transducer d i r ec t iv i ty ,  20 log bg , can be found as  a function 
of angle Q . The coef f i s ien t  of d i r e c t i v i t y  i s  
T a 
where R =  h s i n  9 
here a i s  the width of the  transducer, F~ the  wavelength and C3 the  
angle from the acoustic axis.  Table 2 gives values of 8 and 20 log b 
fo r  a 30 k - z z  sounder with a 24 cm transducer. 
Table 2, 
Two way d i r e c t i v i t y  l o s s ,  20 log  be , a t  d i f f e r e n t  angles  @ O  from 
a x i s  . 30 kxx z echosounder, Transducar wid th  : 24 cm, 







From t h e  equat ion (7) 
20 log  bo = -16 + 26 - 119,6 + 96 = -13,6 db 
The va lue  corresponds t o  an angle  of  O = 7,5O (Tab, 2) , 
The sampling c r o s s  s e c t i o n  can now be  found from (6) g iv ing  
Q = 21% t g  7,5O = 28 m . The d i s t a n c e  s a i l e d  w a s  1 , 2  n.m, and 
3 2 the  sampling a r e a  t h e r e f o r e  62,2 . 10 m . 
'\,e number of  f i s h  p e r  u n i t  su r face  w i t h i n  t h e  l a y e r  50 t o  130 m : 
. 3 2 1,2 f i s h  p e r  10  m , 
6, Discussion. 
It was seen t h a t  t h e  sampling c r o s s  s e c t i o n  was dependent on know- 
ledge of  mean t a r g e t  s t r e n g t h ,  For comparison it i s  seen t h a t  a t a r g e t  
s t r eng th  of - 20 db would g ive  a c r o s s  s e c t i o n  of 32 m while  - 30 db 
would g ive  23 m. The maximum t a r g e t  s t r e n g t h  of  a Lofoten cod i s  pro- 
bably around - 20 db, The mzximum angle 3 a t  which a - 20 db t a r g e t  
could be observed i s  about 8* ,  A t  an angle  of  about 5,5O h a l f  number 
of - 20 db t a r g e t s  would be o u t s i d e  t h i s  angle ,  We observed a 50 "/o 
value o l T t around - 3 5 db and s i n c e  2 C  log b5* 5 0  i$: - 4 5 .  $0 t k i s  g ives  
T = - 29 and c r o s s  s e c t i o n  of  25 m. T ~ r g e t  s t r e n g t h  of  f i s h  i s  however 
varying no t  only  wi th  s i z e  b u t  a l s o  wi th  o r i e n t a t i o n  (Midttun and Hoff 
1962). It  i s  t h e r e f o r e  be l ieved t h a t  t h e  f i s h  a r e  de tec ted  much d o s e r  
t o  t h e  ax i s .  This  view i s  supported by t h e  s i z e  composition of  t h e  
, t r a c e s  (number of echoes p e r  f i s h ) ;  they  a r e  much s h o r t e r  than should 
l be expected for s p h e r i c a l  t a r g e t s ,  The observed s i z e  composition can 
be explained by ade@hing a e f t a i n  dire-vi~p U1 the target reflec- 
tion. In fact we h ~ v e  observed even shorter traces when coalfish 
are recorded* ACcording t o  Midttun and Hoff (1962) coalfish shows 
higher direct iv i ty  than cod, The s i ze  cornpoSition of traces can 
however as h l 1  be explaified as caused by ship roll ing,  therefore 
this observation have to  be veryfied by means of a stabelized trans- 864$f c 
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